Solvents were purified and dried by standard methods. All commercially available reagents were analytical pure and were purchased from Sinopharm in Beijing. Flash column chromatography (Agela technologies) was used for purification. Infrared spectra (IR) were done on a Bruker Equinox 55 Spectrophotometer.
1 H Nuclear magnetic resonance spectra ( 1 H NMR) were recorded on Varian Inova 600 spectrometer (400 MHz). Mass spectra were recorded on electron spray ionization (ESI) mass spectrometer. Melting points were recorded on RY-1 melting point detector (Tianjin Tianfen Analysis Instrument Factory). Ru-3b was analyzed by 1 H NMR (Delta software), Ru-a, Ru-b and Ru-c were analyzed by Infrared spectroscopy (Foxit PDF reader). The catalytic results were analyzed by 1 H NMR (Delta software) and HPLC (Agilent offline analysis software).
N, N'-bis- (2, 6-diisopropylphenylamino) [1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene) (3,6- 
(1,3-bis-(2,6-dimethyl-4-hydroxyphenyl)-2-imidazolidinylidene)dichloro(o-isopropoxybenzylidene) ruthenium (7b) was prepared according to 7 (Ru-3b), a suspension of potassium tert-amyl alcohol (0.25 g, 1.9 mmol) and N, N'-bis-(2, 6-diisopropylphenylamino) ethane dihydrochloride (0.65 g, 1.9 mmol) in toluene (8 mL) was added 4 (1.62 g, 1.9 mmol) at room temperature under argon. The suspension was stirred at 50 ℃ for 12 h. Cuprous chloride (188.1 mg, 1.9 mmol) and 2-vinylphenol (96 mg, 0.8 mmol) were added and the suspension was stirred for 1 h at 50 ℃ . 3, 6-dichlorobenzene-1, 2-dithiozinc complex (516.5 mg, 1.9 mmol) was added and the suspension was stirred at room temperature for 5 h, the solvent was removed under reduced pressure, DCM (20 mL) was added and the suspension was filtered through celite, the filtrate was evaporated under reduced pressure, yellow brown solid (362.8 mg, 60.0 %) was obtained after silica gel chromatography (PE:EA=10:1). 1 H NMR (400 MHz, DMSO, TMS): δ = 7.60-7.62 (m, 6H, ArH), 7.07 (s, 2H, ArH), 4.43 (s, 4H, -CH 2 ), 3.60 (s, 1H, CH), 2.34 (s, 12H, -CH 3 ), 2.28 (s, 6H, -CH 3 ).
13
C NMR (150 MHz, CDCl 3 , TMS): δ = 134. 8, 133.9, 132.6, 131.5, 129.7, 128.1, 125.5, 119, 54.5, 24.9, 15 .3.
(1,3-bis-(2,6-dimethyl-4-hydroxyphenyl)-2-imidazolidinylidene)dichloro(o-isopropoxybenzylidene) ruthenium (7b) was prepared according to 7 (Ru-3b), a suspension of potassium tert-amyl alcohol (0.25 g, 1.9 mmol) and 4, 4'-(imidazolidine-1, 3-diyl) bis (3, 5-dimethylphenol) dihydrochloride (0.66 g, 1.9 mmol) in toluene (8 mL) was added 4 (1.62 g, 1.9 mmol) at room temperature under argon. The suspension was stirred at 50 ℃ for 12 h. Cuprous chloride (188.1 mg, 1.9 mmol) and 1-isopropoxy-2-vinylbenzene (307.9 mg, 1.9 mmol) were added and the suspension was stirred for 1 h at 50 ℃ . 3, 6-dichlorobenzene-1, 2-dithiozinc complex (516.5 mg, 1.9 mmol) was added and the suspension was stirred at room temperature for 5 h, the solvent was removed under reduced pressure, DCM (20 mL) was added and the suspension was filtered through celite, the filtrate was evaporated under reduced pressure. After silica gel chromatography (PE:EA=8:1), yellow brown solid (0.84 g, 56.4 %) was obtained. 
1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene)(4-thiol[d][2,7]dithio)(o-isopropoxyphenylmethylene) ruthenium (7c)
(1,3-bis-(2,6-dimethyl-4-hydroxyphenyl)-2-imidazolidinylidene)dichloro(o-isopropoxybenzylidene) ruthenium (7b) was prepared according to 7 (Ru-3b), a suspension of potassium tert-amyl alcohol (0.25 g, 1.9 mmol) and N, N'-bis-(2, 6-diisopropylphenylamino) ethane dihydrochloride (0.65 g, 1.9 mmol)in toluene (8 mL) was added 4 (1.62 g, 1.9 mmol) at room temperature under argon. The suspension was stirred at 25 ℃ for 12 h. Cuprous chloride (188.1 mg, 1.9 mmol) and 1-isopropoxy-2-vinylbenzene (307.9 mg, 1.9 mmol) were added and the suspension was stirred for 1 h at 50 ℃ . 4-(mercaptomethyl)benzene-1, 2-dithiozinc complex (474.8 mg, 1.9 mmol) was added and the suspension was stirred at room temperature for 5 h, the solvent was removed under reduced pressure, DCM (10 mL) was added and the suspension was filtered through celite, the filtrate was evaporated under reduced pressure to give yellow brown solid (35 mg, 29.5 %) after silica gel chromatography (PE:EA=5:1). 132.7, 132.0, 131.5, 130.2, 128.8, 128.5, 127.2, 116.3, 48.6, 28.7, 21.8, 18.5, 16 .2, 15.5.
Ru-a:
A suspension of 7a (300.0 mg, 0.4 mmol) and sodium hydride (9.9 mg, 0.4 mmol) in DMF (2 mL) was stirred at room temperature for 1 h. Brominated PEGylated Merrifield resin (6, 30.0 mg, 0.4 mmol) was added slowly to the mixture and was stirred for 24 h, Ru-a (33 mg, 59.7 %) was obtained after filtration. IR (KBr): 2846~2920(d, CH 2 ), 3024-3058(d, CH 3 ), 1739(s, alkene), 1421, 1492, 1510, 1600 (q, benzene). Characterized loading rate of Ru was 3.17×10 -3 mmol/g, calculated loading rate of Ru was 3.17×10 Catalysis of (Z) hex-3-ene-1, 6-diol with Ru-3b: (Z) 3-hexen-1-ol (60 uL, 0.5 mmol) in tetrahydrofuran (THF, 1 mL) was added Ru-3b (38.2 mg, 0.05 mmol). The resulting solution was shaked for 10 h at 25 ℃ , the new product was monitored by TLC (Rf = 0.22, 0.23, PE: EA = 1: 2). The solvent was concentrated under vacuum. The crude product was purified by silica gel chromatography (PE: EA = 20: 1), the product was obtained as light yellow liquid (50.7 mg, 46.0 %). 116.1476, found 116.5252 (M+H) + . Hydrogen on the double bonds of (Z)-hex-3-ene-1, 6-diol and (E)-hex-3-ene-1, 6-diol were judged by coupling constants (J). Hydrogen whose J was 6.7 Hz belong to (Z)-hex-3-ene-1, 6-diol, its chemical shift peak was 5.4. Hydrogen whose J was 21.6 Hz belong to (E)-hex-3-ene-1, 6-diol, its chemical shift peak was 4.5. The Z/E ratio was calculated by the ratio of the corresponding peak area (90: 10). The crude product was also analyzed by HPLC. 15% Acetonitrile-water was used as the eluent system, the retention time of (Z)-hex-3-ene-1,6-diol and (E)-hex-3-ene-1, 6-diol were 10.6 min and 16.7 min, the ratio of the two peak area was nearly 90: 10 which were in accordance with the 1 H NMR results. (E) 3-hexen-1-ol was reacted in the same condition (68.7 mg, 62.3 %, Z/E ratio=14: 86).
Catalysis of (Z) hex-3-ene-1, 6-diol with Ru-a: A suspension of (Z) 3-hexen-1-ol (60 uL, 0.5 mmol) and Ru-a (15.8 mg, 0.05 mmol) in THF (2 mL) was shaked for 10 h at 25 ℃ , the new product was monitored by TLC (Rf = 0.22, 0.23, PE: EA = 1: 2). The mixture was purified and gained by silica gel chromatography (20.6 mg, 35.1 %) as a light yellow liquid. 1 H NMR (400 MHz, DMSO, TMS) δ = 2.08 (m, 4H, -CH 2 ), 3.37 (dd, 4H, J=1.68Hz, -CH 2 ), 4.56 (m, J=11.2 Hz, 2H, -CH 2 ), 5.38 (dd, J=1.7 Hz, 1H, -CH), 5.79 (dd, J=17.6 Hz, 1H, -CH), Z/E=88: 12.
Catalysis of (Z) hex-3-ene-1, 6-diol with Ru-b and Ru-c, Catalysis of (E) hex-3-ene-1, 6-diol with Ru-a, Ru-b and Ru-c were the parallel operations as above and the results were listed (Table 1) .
Catalysis of (Z) hex-3-ene-1, 6-diol with Ru-b: The mixture was purified and gained by silica gel chromatography (20.6 mg, 50.0 %) as light yellow liquid. 1 H NMR (400 MHz, DMSO, TMS) δ = 2.06 (s, 4H,
